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Abstract
Team communication is considered as one of the key success factors in information system
development projects. Its effective operation can only be ensured by monitoring of ongoing
communication processes in a consistent and timely manner. Contemporary project
management support software provide a wide range of team communication data which
can be exploited for this purpose provided a convenient analysis tool is available. In this
paper, we propose a novel approach based on graphical analysis of four indicators which
measure the intensity of various aspects of users’ communication activity in periodic
manner, so that communication problems can be identified and addressed in due time. We
validate the usability of the proposed approach using a self-developed software suite on
data acquired from a 3.5-year long international project which covered the development of
a specialized content management platform.
Keywords: communication data analysis, graphical monitoring, project communication.

1.

Introduction

It is not surprising that communication is one of the key processes in project management,
as it influences many aspects and areas of project and the relationships among team
members. When it is not planned, monitored and managed properly, it may lead to project
failure or at least serious problems or delays [2]. Among essential project communication
processes, we have communication planning, information creation, distribution, storage
and sharing, monitoring and analysis [14]. In this paper, we concentrate on the monitoring
and analysis aspects, because we argue that even though there are numerous papers
regarding communication data analysis and visualization methods and tools, there still is a
need for a convenient analysis tool which would enable project manager to identify and
address communication problems in due time. Our aim is to introduce such a tool, based
on graphical analysis of four indicators which measure the intensity of various aspects of
users’ communication activity in a periodic manner.
We first present the literature review of different communication analysis methods and
tools and summarize their pros and cons (Section 2). In Section 3, the periodic indicators
are introduced. Section 4 describes the proof-of-concept implementation of the tool and
presents exemplary analysis using the periodic indicators on the data obtained from the
case project and its communication management platform, also described there. In the final
section, the conclusions are made and possible improvements of the tool are proposed.

2.

Literature review

The topic of project communication analysis has been undertaken by many researchers and
various methods and tools developed to monitor, analyze and visualize communication
processes in project teams were proposed. Some solutions concentrate on detailed analysis
of communication content striving to identify communication patterns [3], [7], [16],
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investigate temporal team interaction process [6], [9,10] or visualize team communication
dynamics [6], [19]. All of the mentioned studies involved either audio-video recordings or
live observations of communication processes and then coding communication instances
using customized coding measures. Such approach is laborious and usually infeasible in
real-life contexts.
There are also examples of studies proposing interview and questionnaire methods to
analyze and monitor project communication characteristics [5], [12,13]. These methods are
also quite time-consuming and, additionally, the obtained results may be subjective.
Yet another way to monitor and analyze team communication is through the analysis
of communication content available through different communication media like emails
[18], [21], discussion forums [8] or project communication management software [4],
[16,17]. Among these studies we have those analyzing the contents of messages [8], [16]
[21], but also those concentrated on analyzing the structure of communication and the
intensity of email exchange and temporal communicational activity [18] or properties of
communication networks [4], [17]. This approach is less time-consuming and more prone
to automation than analyzing video recordings and at the same time more reliable and
objective compared with interview or questionnaire methods.
Finally, we can find examples of research where different methods are combined in
order to get a wider picture of the communication processes, patterns and team behaviors,
e.g., combining questionnaire results with analysis of project records available from the
database of the communication and documentation platform [11] or enriching live
observations and recordings with interview data [15]. Such a combined approach, while
very valuable for research purposes, is, however, the least applicable for practical purposes
due to the extended effort required.
In this paper, we present a new approach to this problem based on graphical analysis
of four indicators which measure the intensity of various aspects of users’ communication
activity in periodic manner. Such measures make it possible to identify and address
communication problems in due time.

3.

Periodic indicators for monitoring team communication

Instead of most of the research reported in the previous section, our motivation was
primarily practical (which does not mean the proposed indicators could not be used for
research purposes). After experiencing multiple communication-related issues in projects
that we were personally involved in, we thought about developing an analysis tool which
would be capable of providing useful insights with regard to team communication
activities, at the same time being easy to use for project managers. We therefore stated the
following requirements for the tool:
• the tool should use several indicators based on various input data, as a single aspect
is often not enough to provide a proper picture,
• the data naturally collected in the process of project realization in the project
communication management platform should be sufficient as input (so that there
is no need for gathering extra data, giving questionnaires to the users etc.);
• it should be possible to measure all the indicators in a fully automatic way, without
any need for the analyst to perform any additional data filtering, transformation or
pre-calculations on their own;
• the tool should provide results in a simple and intuitive form, so that no extra
training would be needed to make use of it.
Consequently, also taking into consideration prior work [8], [18], we defined four
indicators for monitoring team communication which use an archive of a project’s message
board as its only input, can be easily implemented in software, and generate output in the
form of charts intended for graphical analysis. The indicators are listed in Table 1.
All indicators should be measured for fixed-length periods. The length of the analyzed
period defines the time scope of the analysis and should take into consideration the level
of communication activity in a given project. These should be either weeks or months, as
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a day is too short (there would be too many fluctuations in indicator values) and a year far
too long time to make useful observations.
All indicators should be measured relative to the average level of a given project. As
various projects have different specifics, and different general level of communication
activity, the absolute values of indicators vary a lot between projects; this could imply
conclusions that would not be in fact grounded. By dividing all the measurements by their
arithmetic mean, we help the project managers avoid such misinterpretation.
All indicators should be presented graphically as time series, ending at the time point
of analysis if the analysis is done for monitoring purposes, or at the end of the project if
the analysis is done to gain knowledge from an already finished project.
Table 1. Periodic team communication indicators and their measurement
Variable
Activity
Delay
Initiative
Contribution

Measure
Messages Posted
Average Time to Answer
Threads Started
Answers to Questions Ratio

The first indicator, Activity, measures how much active a user has been in the past
periods of the project realization using the number of posted messages. Low or no activity
clearly indicates communication barriers, whereas extremely high activity may suggest to
check if a user is not overusing the team communication platform.
The second indicator, Delay, measures the average time it took a given user to produce
an answer in a message thread in a time period. A long delay denotes an unresponsive user,
who is obstructing the communication in the project.
The third indicator measures the level of Initiative of the respective users using the
number of new threads started in the time period. The users with low initiative are those
who do not say much before they are explicitly asked to. This kind of attitude, while it
helps avoid information overload, may lead to the development of information silos.
The fourth indicator measures the level of Contribution of the respective users using
the ratio of answers they gave to the number of questions they made in a time period. Low
contribution indicates users who prefer to acquire knowledge than to share it.

4.

Experimental validation

For the purposes of experimental validation of the proposed tool, a suite of Python scripts
has been developed as its proof-of-concept implementation. The Python language has been
chosen due to the availability of open-source libraries for convenient data import (csv),
processing (pandas) and visualization (matplotlib and seaborn).
Real-world project communication data were used as the case example. The data were
obtained from a 3.5-year long project, one of whose aims was the development of a
specialized content management platform for gamified multilingual BYOD e-guides. The
case project, titled BalticMuseums: Love IT!, involved nine core partners and seven
associated partners from eight European countries, and was co-financed from European
Regional Development Fund under South Baltic Programme [1].
The communication management platform used by the project team was a web-based
application – Teamwork Projects [20]. Among the main features of the application used by
team members were: Messages, serving as the main text communication channel, Files,
being the project documentation repository, Notebooks – wiki-pages providing instructions
for sharing and co-creating content, and List, where planned project tasks were listed.
All team members were engaged in selecting the communication management
platform, so it proved to be well suited to their needs, expectations and IT literacy. They
also took part in a training organized at the kick-off meeting, which introduced them to the
features of the tool and the rules and procedures which should be followed when using it.
Teamwork Projects application has many other interesting features but one of them is
especially useful regarding communication analysis – a possibility to export the whole
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project database in a form of an SQL file, which can then be queried in various ways. The
particular database used in the experimental validation of the tool was imported from the
Teamwork Projects platform; it covered the period from February 2017 to April 2021,
included communication activities of 39 users and records of 5223 messages. As the case
project is already finished, its whole realization timespan was analyzed. Considering its
length, the chosen unit period is month.
In the real-life analysis, all users data are initially shown, and the software operator can
turn off and on drawing of lines representing users which they do not find or find worth
investigating. As this interactivity, of course, cannot be presented in print, and showing
data of more than few users on a single chart makes it hard to read, for the sake of clarity,
the figures below show filtered data, comparing the activity of only 3 to 4 users.
As can be seen on the left side of Fig. 1, there are several types of observations that
can be made using only the first indicator, Activity; for instance:
• the cycles in the project activity (e.g., low activity during vacations),
• differences in users activity levels (e.g., different users’ activity may peak at
different project stages depending on the type of particular user’s role and tasks),
• specific communication incidents (e.g., when a user leaves the project during its
realization – see the case of user U8, added specifically to illustrate this),
• communication activity anomalies, which call for further investigation (e.g. longlasting disengagement of certain users, such as user U4 in the example).

Fig. 1. Exemplary charts for Activity and Delay indicators for selected users

The right side of Fig. 1 shows the Delay indicator for three selected users. We remind
that it shows the average time it took a given user to produce an answer in a message thread,
so the spikes in the chart are periods when users were unresponsive. Quite surprisingly, the
periods of low activity (e.g., summer vacations, see left side of Fig. 1) are not exactly the
periods of long delays: the longest were measured for subsequent years in the Christmas
to New Year period, in which time, it seems, some people keep working (and posting
questions), whereas others do not (work nor answer). It can be seen that delays also more
often tend to spike for individual users compared to the low/high activity periods which
are often so for all users (after all, we are analyzing team work). The shaded area shows
the 75% confidence interval for the average delay which gives additional information: for
instance, in mid 2019 and 2020, user U2 answered some messages promptly yet some after
long delay, whereas user U4 in late 2017 and mid 2019 did not answer anyone without a
long delay. The former suggests user U2 had difficulties with answering to some topics,
the latter that user U4 was unavailable for contact for some time.
The third indicator measures the level of Initiative of the respective users. As can be
seen in the left side of Fig. 2, usually, there were few new threads created by a given user
per month, so the chart has the most erratic look, with notorious steep changes. From this
chart, we can see that user U2 preserved a high initiative level during the entire project
realization period, the initiative of user U1 had some earlier spikes, but consequently rose
only towards the end of the project, whereas the initiative of user U4 was at a noticeable
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level in 2018 only, and even then it was relatively low. Such an observation may suggest
the existence of barriers which discouraged user U4 from initiating communication. Note
that the activity of user U4 was also mostly low (see Fig. 1), but still far superior to their
initiative, which indicates that the barriers were psychological or linguistic rather than
technical (which would similarly hamper both user initiative and activity in general).

Fig. 2. Exemplary charts for Initiative and Contribution indicators for selected users

The fourth indicator measures the level of Contribution of the respective users. For
none of the users shown in the right side of Fig. 2, a very flat chart was generated, which
would indicate a behavior, in which a user only asks for information but does not provide
any. Interestingly, the contribution charts for users U2 and U4 do not differ much, even
though their activity levels were very different. The chart for user U1 peaks in summer
2018, which indicates a period in which they explained something extensively to other
team members.

5.

Conclusions

In this paper, we proposed an approach to team communication monitoring, in which a set
of four periodical indicators of communication activity is calculated, using an archive of
messages exchanged in the project as an input, and visualized for the purpose of graphical
analysis. Its key virtue is simplicity as compared to other approaches, it relies only on data
that are collected anyway, and does not require sophisticated data gathering or processing.
We have demonstrated, using a self-developed software implementing the calculation
of the indicators and an archive of communication obtained from a real-world information
system development project as input dataset, that the use of the tool may lead to
identification of various types of team communication issues, sometimes also suggesting
their possible causes. In our opinion, this validates the usability of the proposed approach
for practical purposes.
Note that in the presented case example we used a message archive obtained from the
project communication management platform. Not every such platform allows to retrieve
such data in bulk, which however is not a strict limitation, as similar scope of data can be
obtained, e.g., from email servers, as presented in [18]. The stronger limitation is that the
team members have to use consistently a single channel for the bulk of project
communication. If several disconnected channels are used, and the communication is often
switched between them in the middle of discussion, the indicators calculated based on just
one of these channels would give a wrong impression of the state of communication.
Our future work will be to extend the set of indicators, especially with regard to the
message content (one possible idea is an indicator for staying abreast: how much the set of
keywords used by a given user is close to the most popular keywords in the analyzed
period), and to develop a more mature implementation of the supporting software tool (not
fixed for specific input data set as was the case with the implementation used here).
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